V 



t ' 



(19) 



Europaisch s Pat ntamt 

European Patent Office 

Off ice europeen des br vets 



(11) 



HI 

EP 0 953 550 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

03.11.1999 Bulletin 1999/44 

(21) Application number: 98923097.4 

(22) Date of filing: 03.06.1 998 



(51) Int CI. 6 : C03C 17/34 

(86) International application number: 
PCT/JP98/02446 

(87) International puW^tiorTfitimber: 

WO 98/5541 4^0.1 2.1 998 /Gazette 1998/49) 



(84) 


Designated Contracting States: 
DEFRGB ITNL 


• TSUJINO, Toshifumi 
Nippon Sheet Glass Co., Ltd. 
Osaka-shi Osaka-fu 541-0045 (JP) 




(30) 


Priority: 03.06.1997 JP 14497097 


• YOKOI, Koji 




(71) 




Nippon Sheet Glass Co., Ltd. 




Applicant: 


Osaka-shi Osaka-fu 541-0045 (JP) 






Nippon Sheet Glass Co., Ltd. 






Osaka-shi, Osaka 541-0045 (JP) 


(74) Representative: 




(72) 


Inventors: 


Allen, Philippa Margaret et al 




Markgraaf Patents Limited 




• 


NAKAMURA, Koichiro 


The Crescent 






Nippon Sheet Glass Co., Ltd. 


54 Blossom Street 






Osaka-shi Osaka-fu 541-0045 (JP) 


York Y0241AP (GB) 



© 
in 
in 

CO 

in 
o> 

o 

£L 
LU 



(54) LOW-REFLECTANCE GLASS ARTICLE AND PROCESS FOR PREPARATING THE SAME 



(57) The present invention is a low reflection glass 
article which is prepared by laminating a first layer 
which has a middle refractive index (n^ from 1 .60 to 
1.95 and has a film thickness of (60 to 130 nm)/n 1( a 
second layer which has a high refractive index (r^) 
which is in a range from 1 .91 to 2.60 and higher than the 
refractive index of said first layer by at least 0.20 and 
has a film thickness of (140 to 230 nm)/n 2 , and a third 
layer which has a low refractive index (n 3 ) which is in a 
range from 1.35 to 1.59 and lower than the refractive 
index of said first layer by at least 0.20 and has a film 
thickness of (1 10 to 150 nm)/n 3 in this order on a trans- 
parent glass substrate having a refractive index from 
1 .47 to 1 .53, wherein said second layer contains tita- 
nium oxide and other metal oxides in an amount of 70 
mo!% or more in total, said third layer contains a silicon 
oxide in an amount from 50 to 100 mol% and said metal 
oxides in an amount from 0 to 1 0 mol% in total, and said 
first layer contains a silicon oxide in an amount from 15 
to 80 mo!% and said metal oxides in an amount from 20 
to 70 mol% in total. 

According to the present invention, there can be 
provided a low reflection glass article coated with an 
optical multi-layer film which can reduce the reflectivity 
in wide visible light rang . 
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Description 

Technical Field 

s [0001 ] The present invention relates to a low reflection glass article, particularly a low reflection glass article endowed 
with function preventing reflection of visible light obtained by coating an optical thin film on the surface of a transparent 
glass substrate and a method for producing the same, and an optical filter and plasma display using the above- 
described low reflection glass article. 

io Background Art 

[0002] A reflection preventing system employing an optical thin film is used for reducing the surface reflectivity and 
thereby enhancing the optical properties of optica) parts such as a camera and glasses, or display parts of OA elec- 
tronic apparatuses such as a display panel, a display, a filter for a display and the like. These reflection preventing films 
is are required to have a low reflectivity property and high transmission property, to enhance visibility or to further enhance 
the original optical properties. 

[0003] The reduction in reflectivity owing to an optical thin film is caused by a light interference effect Regarding an 
optical multi-layer film composed of three layers, there is known, for example, a low reflection glass article obtained by 
laminating a first layer having a middle refractive index (1 .71) and an optical film thickness of one-fourth wave length, a 

20 second layer having a high refractive index (2.43) and an optical film thickness of half wave length, and a third layer hav- 
ing a high refractive index (1 .39) and an optical film thickness of one-fourth wave length in this order on a transparent 
glass substrate (refractive index: 1 .52) (for example, H. K. Pulker. "Coatings on Glass". P. 402 to 403, Amsterdam, Else- 
vi r. 1984). and it is known that by such constitution, wave length range of which the refractive index is near zero can 
be enlarged and simultaneously reflection color can be improved. 

25 [0004] On the other hand, a plasma display panel has been recently put into practical use as a large-scale screen 
wall television, and development for general consumption thereof is intensive. It is known that an optical filter which has 
a multi-layer reflection preventing film layer for preventing reflection of a light from the outer environment and an elec- 
tromagnetic wave shielding layer and corrects emitted color from PDP is placed at the front surface of this PDP. For 
example, there is known an optical filter which is prepared by adhering a reflection preventing film (obtained by laminat- 

30 ing a plurality of films composed of materials having different refractive indexes, and by conducting vapor deposition on 
a plastic film substrate) using a transparent pressure-sensitive adhesive on one surface of a colored transparent sub- 
strate (a plate made of an acrylic resin or a polycarbonate resin which is colored to prevent violet-like appearance of 
emitted color tone which should be naturally blue by dispersing into the plate a pigment which absorbs excess red com- 
ponents emitted by PDP) and adhering (1) a film shielding an electromagnetic wave and line spectrum in near-infrared 

35 range (for example, a film obtained by sputtering a silver-inorganic oxide fine particle on the surface of a PET film) and 
(2) an interference fringe preventing film (for example, a film obtained by forming slight indentations and protrusions on 
the outer surface of a transparent film so as to prevent close fitting thereof to PDP even when it is contacted with PDP) 
in this order using a transparent pressure-sensitive adhesive on the other surface of the transparent substrate; the opti- 
cal filter being an invention described in Japanese Laid-Open Patent Publication No. 306366 of 1997 which has been 

40 laid-open after the priority date of the current invention. 

[0005] However, in the above-described optical thin film system reducing refractivity by using light interference action, 
facilities are in large scale since the thin films are formed by using vacuum equipment. 

[0006] On the other hand, the above-described optical filter used for PDP has a problem in that production cost is high 
since a pigment is mixed in a resin plate, and further, a reflection preventing film is adhered on the surface. 
45 [0007] The present invention has been accomplished for solving such problems in conventional technologies, and an 
object thereof is to provide a low reflection glass article coated with an optical multi-layer film which can reduce reflec- 
tivity in visible light wide range without requiring large-scale facilities. 

[0008] Further, an object of the present invention is to solve the above-described problems of conventional technolo- 
gies, to provide a glass article coated with a reflection preventing colored film which has excellent ability for preventing 
so reflection of visible fight, in addition, can freely control the tone of transmitted light, and has high visible light transmis- 
sion, and to provide an optical filter for PDP using the same. 

Disclosure of the Invention 

55 [0009] The present invention is a low reflection glass article which is prepared by laminating a first layer which has a 
middle refractive index (n^ from 1 .60 to 1 .95 and has a film thickness of (60 to 130 nm)/n 1§ a second layer which has 
a high refractive index (n 2 ) which is in a range from 1 .91 to 2.60 and higher than the refractive index of said first layer 
by at least 0.20 and has a film thickness of (140 to 230 nm)/h 2l and a third layer which has a low refractive index (n 3 ) 
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which is in a range from 1 .35 to 1 .59 and lower than the refractive index of said first layer by at least 0.20 and has a film 
thickness of (1 1 0 to 1 50 nm)/n 3 in this order on a transparent glass substrate having a refractive index from 1 .47 to 1 .53. 
[0010] Further, the present invention provides a low reflection glass article, wherein said second layer contains at 
least one metal oxide selected from a group consisting of titanium oxide, cerium oxide, bismuth oxide, zirconium oxide, 
5 niobium oxide and tantalum oxide in an amount of 70 moi% or more in total, said third layer contains a silicon oxide in 
an amount from 50 to 100 mol% and said metal oxides in an amount from 0 1 10 moi% in total, and said first layer con- 
tains a silicon oxide in an amount from 15 to 80 mof% and said metal oxides in an amount from 20 to 70 mol% in total. 
[001 1 ] The present invention will be described in detail below. 

[001 2] In the present invention, when the refractive indices (defined as a value when light having a wave length of 550 
10 nm is used unless otherwise stated, hereinafter the same) of the first layer (middle refractive index layer), the second 
layer (high refractive index layer), and the third layer (low refractive index layer) laminated on the transparent glass sub- 
strate having a refractive index from 1.47 to 1 .53 are expressed by n 1t r^ and n 3 , respectively, the refractive index (n^ 
of the first layer (middle refractive index layer) is in a range from 1 .60 to 1.95, the refractive index (n^ of the second 
layer (high refractive index layer) is in a range from 1 .91 to 2.60 and higher than the refractive index of said first layer by 
is at least 0.20, and the refractive index (n 3 ) of the third layer (low refractive index layer) is in a range from 1.35 to 1.59 
and lower than the refractive index of said first layer by at least 0.20. 

[0013] It is preferable that these refractive indices are selected so that the relation represented by the following for- 
mula (1) is satisfied, namely, the value of right side is in a range from 95 to 110% of the value of left side in the formula 
(1 ). In other words, it is preferable that the refractive index (n 1 ) of the first layer (middle refractive index layer), the refrac- 
20 tive index (r^) of the second layer (high refractive index layer) and the refractive index (n 3 ) of the third layer (low refrac- 
tive index layer) satisfy the following formula (2). 

n 2 xn 3 =n 1 2 (1) 

25 0.95xn 2 xn 3 ^n 1 2 ^1.10xn 2 xn 3 (2) 

[0014] Further, for reducing the refractive index in visible light range, the first layer has an optical film thickness from 
60 to 120 nm, namely has a film thickness of (60 to 120 nm)/n 1( the second layer has an optical film thickness from 140 
to 230 nm, namely has a film thickness of (1 40 to 230 nm)/n 2 , and the third layer has an optical film thickness from 110 

30 to 1 50 nm, namely has a film thickness of (1 1 0 to 1 50 nm)/n 3 . 

[0015] By such constitution, the refractive index of light having specific wave length allowed to be incident from the 
film surface side, on the surface of the film surface side can be set approximately to zero. 

[001 6] The extent of difference in refractive indices of each layer by the difference in wavelength of light is defined by 
refractive index dispersion index v as expressed in the following formula (3). 

35 

v =(n 590 -1)/(n 590 -n 670 ) (3) 

[001 7] Here, n^o represents the refractive index at a wavelength of 590 nm and n^ represents the refractive index 
at a wavelength of 670 nm. 

40 [0018] The preferable ranges of the refractive index dispersion index v of the first layer (middle refractive index layer), 
the second layer (high refractive index layer) and the third layer (low refractive index layer) are 13 to 30, 2 to 12 and 50 
or more, respectively. If the refractive index dispersion index v of each layer is out of the above-described range, low 
visible light reflection can not be obtained easily. The refractive indices, optical film thickness, and dispersion indices of 
these first to third layers are summarized in Table 1 . By selecting the refractive index, optical film thickness, and disper- 

45 sion index of the like, a low reflection glass article having a visible light reflection index (film surface) of 0.5% or less, 
preferably still, 0.3% or less, is obtained. 



[Table 1] 





Refractive index 


Film thickness 


Refractive index disper- 
sion index v 


First layer 


1.60-1.95 (=n1) 


(60-130)/n 1 


13-30 


Second layer 


1.91-2.60 (=n2) 


(140-230)/n 2 


2-12 


Third layer 


1.35-1.59 (=n3) 


(110-150)/n 3 


50 or more 



[0019] The high refractive index film (second layer) in the present invention contains as a main component at least 



n 



f 
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one oxide of metal selected fr m titanium (Ti). cerium (Ce), bismuth (Bi). zirconium (Zr), niobium (Nb) and tantalum 
(Ta). among a list of oxides of elements of the IB group (Cu. Ag, Au). IIA group (Be, Mg, Ca Sr ( Ba. Ra). MB group (Zn, 
Cd, Hg), IIIA group (Sc, Y. La, Ac), 1MB group (B, Al, Ga, In, Tl), IVA group (Ti. Zr, Hf. Th), IVB group (C, Si, Ge, Sn. Pb), 
VA group (V. Nb, Ta, Pa), VB group (N, P, As, St* Bi). VIA group (Cr, Mo. W, U) f VIB group (O. S, Se. Te, Po), VIIA group 

5 (Mn, Tc, Re, Np), VIII group (Fe, Co, Ni, Ru, Rh, Pd, Os, lr. Pt, Pu, Am, Cm) of the Periodic Table of element. These 
metal oxides are contained in the second layer in an amount of 70 mol%, preferably 80 mol%, preferably still, 90 mol% 
in total in terms of TiOg, Ce0 2 , Bi 2 0 3 , Zr0 2 . Nt^Os and Ta 2 0 5 , respectively. Silicon oxide, and coloring components 
described later are listed as components which may be contained in an amount of less than 30 mol%. 
[0020] The low refractive index film (third layer) in the present invention contains silicon oxide (silica) in an amount 

10 from 50 to 100 mol%, and at least one oxide of metal selected from titanium (Tl), cerium (Ce), bismuth (Bi), zirconium 
(Zr), niobium (Nb) and tantalum (Ta) in an amount from 0 to 10 moI% in total in terms of T10 2 , Ce0 2 . Bi 2 0 3 , Zr0 2 , 
Nb 2 0 5 and Ta 2 0 5 „ respectively. As this oxide of metal, the same kind of metal oxide contained in the above-described 
high refractive index film can be selected. By this selection, the constriction index of the low refractive index film layer 
is close to the constriction index of the high refractive index film layer in curing process, and cracking and film peeling 

is do not occur easily. Further, the dose fitting at the surface between the low refractive index film and the high refractive 
index fflm layer can be enhanced. When the above-described high refractive index film contains a plurality of metal 
oxides, for example, two kinds of metal oxides of titanium oxide and bismuth oxide, it is preferable that titanium oxide 
and bismuth oxide are contained in the low refractive index film in approximately the same ratio as that for titanium oxide 
and bismuth oxide contained in the high refractive index film. As other components which may be contained, coloring 

20 components described later are listed. 

[0021] The middle refractive index film (first layer) in the present invention contains silicon oxide (silica) in an amount 
from 15 to 80 mol%, and at least one oxide of metal selected from titanium (Ti), cerium (Ce), bismuth (Bi), zirconium 
(Zr), niobium (Nb) and tantalum (Ta) in an amount from 20 to 70 mol% in total in terms of Ti0 2 , Ce0 2 , Bi 2 0 3 . Zr0 2 , 
Nfc^Os and Ta 2 O s ,, respectively. As this oxide of metal, the same kind of metal oxide contained in the above-described 

25 high refractive index film can be selected. By this selection, the constriction index of the middle refractive index film layer 
is near the constriction index of the high refractive index film layer in curing process, and cracking and film peeling do 
not occur easily. Further, the close fitting at the surface between the middle refractive index film and the high refractive 
index film layer can be enhanced. As one example preferable of the middle refractive index film (first layer), there is 
exemplified a film formed by using a liquid composition obtained by mixing the liquid compositions composing the high 

30 refractive index film (second layer) and the low refractive index film (third layer) at any ratio. 

[0022] At least one of the high refractive index films, the low refractive index films and the middle refractive index films 
may contain a coloring component As such a coloring component, one or more super fine particles of metal selected 
from elements of the IB group and VIII group of the Periodic Table of elements are listed. Among them, preferably, noble 
metals such as gold (Au), platinum (Pt). palladium (Pd), rhodium (Rh), silver (Ag) and the like are exemplified, and par- 

35 ticularty preferable, gold is listed. It is preferable that these coloring components and fine metal particles are contained 
in an amount from 0.5 to 20 mol%. 

[0023] As one specific embodiment of the optical thin films of the high refractive index film (second layer), the middle 
refractive index film (first layer) and the low refractive index film (third layer) in the present invention, films containing 
titanium oxide, bismuth oxide and silicon oxide are exemplified. These films will be described below. 
40 [0024] When an optical thin film containing titanium oxide, bismuth oxide and silicon oxide is used as a high refractive 
index film, the content of silicon oxide is 30 mot% or less, preferably 20 mof% or less, preferably still, 10 mol% or less, 
in terms of Si0 2 . 

[0025] The ratio of titanium oxide to bismuth oxide in the high refractive index film containing titanium oxide, bismuth 
oxide and silicon oxide in the present invention is preferably selected so that the maximum refractive index of the film is 
45 obtained. Regarding the contents of titanium oxide and bismuth oxide, when oxide conditions of titanium and bismuth 
are hypothesized as Ti0 2 and Bi 2 Q3, respectively, it is preferable that the ratio of Bi 2 0 3 to the total amount of Ti0 2 and 
Bi 2 Q 3 , that is Bi 2 p 3 /(Ti0 2 + Bi 2 0 3 ) is from 1 to 96%, preferably still, it is from 2 to 60%, and further preferable from 3 to 
50%. 

[0026] Regarding the ratio of titanium oxide, bismuth oxide and silicon oxide in this high refractive index, when the mol 
so ratio of Ti0 2 , Bi 2 0 3 and SKD 2 in a Ti0 2 -Bi 2 0 3 -Si0 2 ternary composition is expressed by a coordinate point (Ti0 2 mot%. 
Bi 2 0 3 mol%, Si0 2 mol%) as shown in Fig. 1 , it is required that this ratio is a ratio within a rectangle ABCD made by 
A(69, 1, 30), B(99, 1, 0), C(5. 95. 0) and D(3. 67. 30), preferably is a ratio within a rectangle EFGH made by E(78, 2. 
20). F(98. 2. 0). G(40. 60, 0) and H(32, 48, 20), preferably still, is a ratio within a rectangle UKL made by l(87. 3 10) 
J(97. 3. 0). K(50. 50. 0) and L(45. 45. 10). 
55 [0027] Wh n the ratio of titanium oxide, bismuth oxide and silicon oxid in the high refractive index film is within a 
rectangle ABCD. a high refractive index film having a refractive index of 2.06 r more is obtained, when within a rectan- 
gle EFGH, a high refractive index film having a refractive index of 2. 1 8 or more is obtained, and when within a rectangle 
UKL, a high refractive index film having a refractive index of 2.30 or more is obtained. When an optical thin film contain- 



er 
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ing titanium oxide, bismuth oxide and silicon oxide is thus used as the high refractive index film, other components than 
the above-described components, for example, cerium oxide, zirconium xtde, tantalum xide, niobium oxide, tungsten 
oxide, antimony oxide and the like may be contained in small amounts, for example, in an amount of 10% or less, pro- 
viding the refractiv index is not largely reduced. 

5 [0028] On the other hand, when an optical thin film containing titanium oxide, bismuth oxide and silicon oxide is used 
as the low refractive index film in the present invention, the content of silicon oxide is preferably 70 mol% or more, pref- 
erably still, 80 moI% or more, and further preferable at 90 mor% or more in terms of mo!% of S1O2. 
[0029] Regarding the ratio of titanium oxide, bismuth oxide and silicon oxide in this low refractive index, when the mol 
ratio is expressed in the same manner as for the high refractive index film as shown in Fig. 1 . it is required that this ratio 

10 is a ratio within a triangle YZA made by Y(0, 0. 100), 2(29.5. 0.5, 70) and A'(1 .5, 28.5. 70), preferably is a ratio within a 
triangle YBC made by Y(0, 0, 100), B(19.5. 0.5, 80) and C'(8, 12. 80), and preferably still, is a ratio within a triangle 
YD E* made by Y(0, 0. 100), D'(9.5, 0.5, 90) and EX5. 5. 90). 

[0030] When an optical thin film containing titanium oxide, bismuth oxide and silicon oxide is used as the middle 
refractive index film (first layer), regarding the ratio of titanium oxide, bismuth oxide and silicon oxide in the thin layer, if 

is the mol ratio is expressed in the same manner as for the high refractive index film as shown in Fig. 1 , it is required that 
this ratio is a ratio within a rectangle MNOP made by M(30.5. 0.5, 69). N(68. 1. 31). 0(3.5. 65.5, 31) and P(1.5, 29.5, 
69). preferably is a ratio within a rectangle QRST made by Q(39. 1, 60). R(58.5, 1 .5. 40), S(24, 36, 40) and T(16. 24, 
60). preferably still, is a ratio within a rectangle UVWX made by U(43. 2, 55). V(53, 2, 45). W(27.5, 27.5, 45) and X(22.5, 
22.5, 55). When the ratio of titanium oxide, bismuth oxide and silicon oxide in the middle refractive index film is within a 

20 rectangle MNOP, a high refractive index film having a refractive index from 1 .70 to 2.05 is obtained, when within a rec- 
tangle QRST, a middle refractive index film having a refractive index from 1 .80 to 2.00 is obtained, and when within a 
rectangle UVWX, a middle refractive index film having a refractive index from 1.85 to 1.95 is obtained. 
[0031 ] It is preferable that the ratio of titanium oxide to bismuth oxide when an optical thin film containing titanium 
oxide, bismuth oxide and silicon oxide is used as the low refractive index film (third layer), or the middle refractive index 

25 film (first layer) is near the ratio of titanium oxide to bismuth oxide of the high refractive index film (second layer) to be 
laminated. By this, difference in thermal constriction ratio between the middle refractive index film and the high refrac- 
tive index film and difference in thermal constriction ratio between the high refractive index film and the low refractive 
index film in burning decrease, and cracking and film peeling can be prevented. Further, the wave length distributions 
of the constriction indices of the high refractive index film layer, the low refractive index film layer and the middle refrac- 

30 tive index film layer are close to each other, and optical properties such as transmitted light tone, reflected light tone, 
visible light reflection index and the like in a low reflection glass obtained by laminating these optical thin layers are 
improved. 

[0032] As other specific embodiments of the low reflection glass article of the present invention, there is exemplified 
a case in which the high refractive index film (second layer) contains titanium oxide, the middle refractive index film (first 

35 layer), contains titanium oxide and silicon oxide, the low refractive index film (third layer) contains a silicon oxide, and a 
gold fine particle is contained in at least one layer from the high refractive index film (second layer), the middle refractive 
index film (first lay®*) and the low refractive index film (third layer). This will be described below. 
[0033] The components of the middle refractive index film (first layer), a reflection preventing film of the present inven- 
tion will be described below. Silicon oxide (oxide of Si) is an essential component for regulating the refractive index of a 

40 film, and when the content therefore is low, the refractive index of the film is high. On the contrary, when the content is 
high, the refractive index of the film is low. The content of silicon oxide is from 15 to 80 mol%, preferably from 30 to 78 
mo!% ? and preferably still, from 35 to 74 mot%, in terms of SiO^. Titanium oxide is necessary for enhancing the refrac- 
tive index of a film, and when the content therefore is low. the refractive index of the film is low. and when the content is 
high, the refractive index of the film is high. The content of titanium oxide is from 20 to 70 mol%, preferably from 22 to 

45 65 mor%, and preferably still, from 25 to 60 mol%, in terms of Ti0 2 . When the thickness of the middle refractive index 
film is too small, the reflection preventing effect is low, and on the other hand, when the thickness is too large, the reflec- 
tion preventing effect is low, and cracking occurs and the film strength lowers, therefore, the thickness is from 40 to 60 
nm, preferably from 45 to 55 nm, more preferably from 47 to 53 nm. When the refractive index of the middle refractive 
index film is too low, the reflection preventing effect is not sufficiently obtained, therefore, it is preferably from 1.60 to 

so 1 .90, preferably still, from 1 .65 to 1 .85. and further preferable from 1 .70 to 1 .80. 

[0034] The components of the high refractive index film (second layer) of the present invention will be described 
below. Titanium oxide is necessary for film forming and for enhancing the refractive index of the film, and when the con- 
tent therefore is low. the refractive index of the colored film is low. On the contrary, when the content is high, the refrac- 
tive index of the film is high. The content of titaium oxide is from 70 to 100 mor%. preferably from 80 to 100 mol%. and 

55 further preferable from 88 to 100 mol% 1 in terms of Ti0 2 . The content of silicon oxide is from 0 to 30 mol%, preferably 
from 0 to 20 mol%, and further preferable from 0 to 1 2 mol%, in terms of Si0 2 . 

[0035] When the thickness of the high refractive index film is too small, the reflection preventing effect is low, and on 
the other hand, when the thickness is too large, the reflection preventing effect is low, and cracking occurs and the film 



EP 0 953 550 A1 



strength lowers, therefore, the thickness is from 65 to 105 nm. preferably from 75 to 95 nm, and further preferable from 
80 to 90 nm. When the refractive index of the film is too low, the reflection preventing effect is not sufficiently obtained, 
therefore, it is preferably from 1 .91 to 2.30, preferably still, from 1 .96 to 2.30. and further preferable from 2.01 to 2.30. 
[0036] The components of the low refractive index film (third layer) of the present invention will be described below. 

s Silicon oxide is necessary for filrn f rming and for decreasing the refractive index of the film, and when the content 
therefore is low, the refractive index of the film is high. On the contrary, when the content is high, the refractive index of 
the film is low. The content of silicon oxide is from 85 to 100 mol%, preferably from 90 to 100 mol%, in terms of Si0 2 . 
[0037] When the thickness of the low refractive index film is too small, the reflection preventing effect is low, and on 
the other hand, when the thickness is too large, the reflection preventing effect is low, and cracking occurs and the film 

10 strength lowers, therefore, the thickness is from 65 to 1 05 nm, preferably from 75 to 95 nm, and further preferable from 
80 to 90 nm. When the refractive index of the film is too low, the reflection preventing effect is not sufficiently obtained, 
therefore, it is preferably from 1 .35 to 1 .59, preferably still, from 1 .35 to 1 .50, and further preferable from 1 .35 to 1 .47. 
[0038] Gold imparts color to the high refractive index film, the middle refractive index film or the low refractive index 
film as a fine particle for coloring. When the content thereof is too small, sufficient coloring is not obtained, and on the 

is contrary, when too large, the durability of a film lowers, and excessive gold particles discharge from the film. Therefore, 
the content of the gold particle is preferable from 0.5 to 20 mol%, preferably from 1 to 15 mol%, and further preferable 
from 1 to 1 1 mol%. 

[0039] _For forming the hio hrefractive index film, the low refractive index film and the middle refractive index film of the 
present invention, a sputtermgmelhud, CVD iiielhol^rayttiermal decomposition method are possible, and a sol-gel 
20 method is desirable in view of cost. For coating b^the^ soTgeT ^ethod, a spin coating method, dip coating method, float 
coating method, roll coating method, gravure coatirlgrnetitddTtlexo printing method, screen printing method and the like 
ar used. 

[0040] When the high refractive index film , the low refractive index film or the middle refractive index film of the present 
invention is ^^ed^tocexampie, as an optical thin film containing titanium oxide, bismuth oxide, silicon oxide and gold 
25 particle by th^sol^gel -method, the coating liquid composition is obtained by dissolving in an organic solvent a metal 
compound whiclTfean-befiydrolyzed and condensed such as a titanium compound, bismuth compound, silicon com- 
pound, cerium compound, zirconium compound, niobium compound, tantalum compound and the like, and a gold par- 
ticle raw material. 

[0041] As the titanium compound, a titanium alkoxide, titanium alkoxide chloride, titanium chelate and the like are 

30 used. As the titanium alkoxide, titanium methoxide, titanium ethoxide, titanium n-propoxide, titanium isopropoxide, tita- 
nium n-butoxide, titanium isobutoxide, titanium methoxy propoxide, titanium steary oxide, titanium 2-ethylhexyl oxide, 
and the like are exemplified. Embodiments of the titanium alkoxide chloride include titanium chloride triisopropoxide, 
titanium dichforide di ethoxide and the like. As the titanium chelate compound, titanium triisopropoxide(2,4-pentane 
dionate), titanium diisopropoxide{bis-2,4-perrtane dionate), titanium ally) acetate triisopropoxide, titanium bis (trieth- 

35 anolamine) diisopropoxide, titanium di-n-butoxide (bis-2,4-pentane dionate) and the like are used. 

[0042] As the bismuth compound, bismuth nitrate, bismuth acetate, bismuth axyacetate, bismuth acetate, bismuth 
chloride, bismuth alkoxide, bismuth hexafluoropentadionate, bismuth t-pentoxide, bismuth tetramethylheptane dionate 
and the like are used. As the cerium compound, cerium nitrate, cerium chloride and the like are used. 
[0043] As the silicon compound, there is used a compound obtained by mixing a silicon alkoxide with a solvent such 

40 as alcohol and the like, and progressing hydrolysis and polymerization by using an acidic catalyst and a basic catalyst. 
As the silicon alkoxide, silicone methoxide, silicone ethoxide, or oligomers thereof, are used. As the acid catalyst, hydro- 
chloric acid, sulfuric acid, nitric acid, acetic acid, oxalic acid, trichloroacetic acid, trif luoroacetic acid, phosphoric acid, 
hydrofluoric acid, formic acid and the like are used. As the basic catalyst, ammonia and amines are used. 
[0044] Embodiments of the raw material for the fine gold particle include chloroauric acid tetrahydrate. chloroauric 

45 acid trihydrate, chloroauric acid sodium dihydrate, gold cyanide, gold potassium cyanide, gold diethylacetyl acetonate 
conrplex, gold colloid dispersion and the like are listed. 

[0045] As the cerium compound, cerium organic compounds such as cerium alkoxide, cerium acetylacetonate, 
cerium carboxylate and the like can be suitably used. In addition, cerium inorganic compounds such as a nitrate, chlo- 
ride, sulfate and the like can be used, and in view of stability, easy availability, cerium nitrate and cerium acetylacetonate 
so are preferred. 

[0046] As the zirconium compound, tetramethoxyzirconium. tetraethoxyzirconium. tetraisopropoxyzirconium, tetra n- 
propoxyzirconium. tetraisopropoxyzirconium isopropanol complex, tetraisobutoxyzirconium, tetra n-butoxyzirconium. 
tetra sec-butoxyzirconium. tetra t-butoxyzirconium and the like are suitably used. Further, alkoxides of zirconium halides 
such as zirconium monochloride trialkoxide, zirconium dichloriode dialkoxide and the like can also be used. Further, a 
ss zirconium alkoxide which is obtained by chelating the above-described zirconium alkoxide with a p-ketoester compound 
can also be suitably used. As the chelating agent, acetoacetates represented by CH 3 COCH 3 COOR (wherein, R is CH 3 . 
c 2Hs. C3H7 or C 4 H 9 ) such as methyl acetoacetate, ethyl acetoacetate, propyl acetoacetate. butyl acetoacetate and the 
like are listed, and among them, alkyl acetoacetates, particularly methyl acetoacetate and ethyl acetoacetate are suit- 



es 
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able since they are available at relatively low cost. The extent of chelating of the zirconium alkoxide may be partial or 
complete, it is preferable to conduct chelating at a molar ratio (p-ketoester)/(zirconium alkoxide) = 2 because of stability 
of the chelate compound. Chelating agents other than the p-ketoester compound, for example, a zirconium alkoxide 
which has been chelated by acetylacetone is insoluble in a solvent such as alcohol and the like, and precipitated, there- 
fore, a coating solution can not be prepared using such a chelating agent. Further, alkoxyzirconium organic acid salts 
can also be used which are obtained by substituting at least one of alkoxy groups in said zirconium alkoxides by organic 
acids such as acetic acid, propionic acid, butanoic acid, acrylic acid, methacrylic acid, steric acid and the like. 
[0047] As the niobium corrpound, niobium pentachloride, niobium pentaethoxide and the like are used. Further, nio- 
bium trimethoxy dichloride obtained by dissolving niobium pentachloride in methyl alcohol, niobium triethoxy dichloride 
obtained by dissolving niobium pentachloride in ethyl alcohol, niobium triisopropoxy dichloride obtained by dissolving 
niobium pentachloride in isopropyl alcohol, and the like are exemplified. Further, niobium triethoxy acetylacetonate and 
niobium ethoxy diacetylacetonate obtained by adding acetylacetone to niobium pentaeth oxide, or niobium triethoxy 
acetonate and niobium ethoxy diethylacetonate obtained by adding ethyf acetoacetate to niobium pentaethoxide are 
exemplified. 

[0048] As the tantalum compound, tantalum methoxide, tantalum pentaethoxide, tantalum penta n-butoxide, tantalum 
tetraethoxide acetylacetonate and the like are listed. 

[0049] Embodiments of the organic solvent used in a coating liquid composition used for forming the above-described 
high refractive index film and the low refractive index film include, though depending on the coating method, methanol, 
ethanol, isopropanol, butanol, hexanol, octanol, 2 -methoxyethanol , 2-ethoxyethanol, 2-butoxyethanol, propylene glycol 
monomethyt ether, propylene glycol monoethyl glycol, cellosolve acetate, ethylene glycol, propylene glycol, diethylene 
glycol, diethylene glycol monoethyl ether, hexylene glycol, diethylene glycol, tripropylene glycol, polypropylene glycol, 
diacetone alcohol and the like. In the coating liquid composition, the above-described solvents may be used alone or in 
combination of two or more for controlling the viscosity, surface tension and the like of the coating liquid. Further, a sta- 
bilizer, leveling agent, thickening agent and the like may be added in small amount if necessary. The amount of the sol- 
vent used is usually regulated so that the total amount of solid components is in a range from 1 to 20%, though it 
depends on the thickness of the finally obtained high refractive index film, middle refractive index film and low refractive 
index film, and the coating method adopted. 

[0050] The above-described coating liquid composition is coated according to the above-described coating method, 
then, dried or/and calcinated by heating at a temperature of 250°C or more, then further, a process in which coating 
liquid is coated on this and a process in which drying or/and calcination with heating is conducted are repeated, to com- 
plete an ultraviolet ray and heat ray reflecting glass article. Thus, the obtained coating is excellent in properties such as 
transparency, atmosphere resistance, scratch resistance and the like, and if lamination is increased, film peeling and 
crack formation liable to be caused by differences in the thermal constriction ratio in the process of compaction of the 
high refractive index film layer, the middle refractive index film layer and the low refractive index film layer, can be sup- 
pressed. 

[0051 ] A light irradiation method described below can also be used in place of the above-described method using dry- 
ing and/or drying/calcination by heating at 250°C or more. Namely, a process is conducted in which the above- 
described coating liquid composition is coated by the above-described coating method, then the coated film is irradiated 
with an electromagnetic wave having a shorter wave length than that of visible light, subsequently, a process is con- 
ducted in which the next coating liquid is coated, and this coating process and drying process sequence is repeated. 
[0052] As the electromagnetic wave having a shorter wave length than that of visible light, y-rays, X-rays and ultravi- 
olet rays are listed, and ultraviolet rays are preferable from a practical point of view in the apparatus considering irradi- 
ation on a substrate having a large surface area. As the ultraviolet ray source, excimer lamp, low pressure mercury 
lamp, high pressure mercury lamp, metal halide and the like are used. It is preferable to use a high pressure mercury 
lamp which emits a main wave of 365 nm and efficiently emits waves of 254 nm and 303 nm, and conducts irradiation 
at an irradiation strength of 10 mW/cm 2 or more, preferably 50 mW/cm 2 or more, and preferably further at 100 mW/cm 2 
or more onto a coated film. The surface of a coated film obtained by coating the coating liquid composition of the 
present invention is endowed with a irradiation energy of 1 00 mJ/cm 2 or more, preferably 500 mJ/cm 2 or more, and fur- 
ther preferable at 1000 mJ/cm 2 or more using such ultraviolet sources. Coating irradiation with ultraviolet rays is 
repeated for the times corresponding to the number of required layers, then, if necessary, heating is conducted for 10 
seconds to 2 minutes in a furnace heated at 500 to 800°C. By this, a laminated film is obtained which is excellent in 
properties such as transparency, atmosphere resistance, scratch resistance and the like, and in which cracking is not 
easily caused. 

[0053] Further, drying and/or calcination by heat may be simultaneously conducted with irradiating ultraviolet rays. By 
conducting simultaneously a drying process by irradiation with ultraviolet rays, and a drying process by heat drying pref- 
erably at a temperature of 250°C or tower, a coated film can be obtained which is excellent in properties such as trans- 
parency, atmosphere resistance, scratch resistance and the like, and even if lamination is increased, film peeling and 
crack formation liable to be caused by differences in the thermal constriction ratio in the process of compaction of the 
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high refractive index film layer, the middle refractive index film layer, and the low refractive index film layer can be sup- 
pressed. In the above-described, increased speed of the drying process can be realized and productivity can be readily 
improved by utilizing irradiation with ultraviolet rays. 

[0054] As the glass substrate in the present invention, a transparent glass article having a refractive index of 1 .47 to 
1.53. for example, a colorless and transparent glass plate having, for example, a soda lime silicate glass composition, 
a glass plate which is colored to green, bronze and the like, or endowed with the ability to shield ultraviolet rays or heat 
rays, and the like may be teed, and a glass plate for an automobile and glass plate for displaying which has a thickness 
of 0.5 to 5.0 mm are preferably used, and the above-descrfoed laminated film can be applied on one surface or both 
surfaces of the glass plate. 

[0055] As the glass substrate in the present invention, a transparent glass article having a refractive index of 1 .47 to 
1 .53. for example, a colorless and transparent glass plate having, for example, a so da lime silic gte-gtesa-eomposition. 
a glass plate or a transparent glass substrate in another shape which is colored to green, "bronze and the like, or 
endowed with the ability to shield ultraviolet raya or heat rays, and the like may be used, and a glass plate for POP or 
for other cfi splays, an automobile and glass plate for buildings having a thickness of 0.5 mm to 5.0 mm are preferably 
used, and the above-described reflection preventing film can be applied on one surface or both surfaces of the glass 
plate. When both surfaces of the reflection preventing film-coated glass article in the form of a plate are in contact with 
air or other gases having normal pressure or reduced pressure, a reflection preventing film or a reflection preventing 
colored film can be coated on both surfaces of the glass plate to make the visible light reflectivity lowest. When one sur- 
face of the reflection preventing film<*>ated glass article in the form of a plate is. for example, in contact with or closely 
fitted to various panels via a plastic film, it is sufficient in many cases that a reflection preventing film is coated only on 
the other surface of said glass article. 

[0056] A low reflection glass article obtained by coloring the reflection preventing film of the present invention, partic- 
ularly, a color film-coated low reflection glass article used for a front glass of a display apparatus such as PDP. or for an 
automobile window, windows in buildings, preferably has transparent color wherein when expressed by the Lab color 
expression system, (a) has a chromaticity from -15.0 to 20.0. (b) has a chromaticity from -15.0 to 3.0, and (L) has a 
brightness from 40 to 90. Preferably still, the glass plate has transparent color wherein when expressed by the Lab color 
expression system, (a) has a chromaticity from -5.0 to 1 0.0. (b) has a chromaticity from -5.0 to 6.0. and (L) has a bright- 
ness from 60 to 90. 

[0057] The low reflection glass article coated with a colored reflection preventing film of the present invention provides 
a glass article excellent in reflection reducing property, and at the same time provides a glass article excellent in design 
owing to the colored absorption of film. Further, the glass article coated with a colored reflection preventing f im of the 
present invention can be combined with an electromagnetic wave shielding film and the like, and used as an optical filter 
which is closely fitted to the front surface of PDP. In this case, since a selective absorption film is used, an optical filter 
is provided which controls emitted color from PDP. For example, in PDP. since a luminescent material which emits blue 
color has a characteristic in that it emits a slight red component in addition to the blue colors, a part to be displayed in 
the blue color may be displayed in a violet-like color. In this case, the red component of the luminescent material can 
be absorbed by the colored film of the present invention and emitted color from the PDP can be balanced. Further, 
when a silver multi-layer film is used as the electromagnetic wave shielding layer, transparent color of a conventional 
filter turns to yellow green. In this case, by using as the reflection preventing colored film of the present invention a film 
of which transparent color turns to red violet, the transparent color can be controlled to a neutral gray color or blue gray 
color in the whole filter. 

[0058] The optical f ilter for a plasma display panel prepared by providing an electromagnetic wave shielding layer on 
the opposite side of the surface on which the reflection preventing colored film has preferably transparent color wherein 
when expressed by the Lab color expression system, (a) has a chromaticity from -3.0 to 3.0 and (b) has a chromaticity 
from -3.0 to 3.0. The above-described electromagnetic wave shielding layer may be produced by a method in which 
copper, copper-nickel or the like which is a highly-electroconductive metal is deposited in electroless manner onto a 
mesh texture made of a synthetic resin, and this texture is pasted on a transparent substrate, a method in which a low 
resistance ITO film, a silver thin film, a multi-layer film composed of silver thin f Urns are directly laminated on a transpar- 
ent substrate, or a method in which these laminated films are pasted on a transparent substrate, in addition to the 
method in which a silver multi-layer film is used. 

[0059] PDP has as parts thereof a front glass plate and a rear glass plate. By using as the front glass plate of PDP a 
glass article coated with a reflection preventing film of the present invention in which a high strain point glass plate, 
namely a glass plate having a strain point of 570°C or more is used as the transparent glass substrate, the optical filter 
for PDP can also be employed as the front glass plate of PDP. therefore. PDP can be provided having a reflection pre- 
venting film n the surface. 
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BRIEF EXPLANATION OF THE DRAWINGS 
[0060] 

5 Fig. 1 is a graph sh wing one preferable example of each composition of a layer composed of the high refractive 

index film, a layer composed of the middle refractive index film and a layer composed of the lew refractive index film 
in the present invention 

Fig. 2 is a graph showing reflectivity spectroscopic property of one example of the low reflectivity glass article of the 
present invention. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0061] The following examples further illustrate the present invention more specifically. 

is Production of solution composition for forming high refractive index film (H1 liquid): 

[0062] 24.9 g of bismuth nitrate pentahydrate (bismuth raw material) was mixed with 1 18.6 g of 2-ethoxyethanol. to 
this was added 170.7 g of tetraisopropoxytitanium (titanium raw material), and the mixture was stirred for 3 hours at 
60°C. The mixture was cooled to room temperature to obtain a solution composition for forming a high refractive index 
20 film (H1 liquid). The H1 liquid contained titanium and bismuth in amounts of 96 mol% and 4 mol% in terms of Ti0 2 and 
Bi 2 0 3 , respectively. 

Production of solution composition for forming low refractive index film (L1 liquid): 

25 [0063] 1 50 g of ethyl silicate ("ETHYL SI UCATE 40" manufactured by COLCOAT Ltd. .) was mixed with 1 32 g of ethyl 
cellosotve. to this was added 18 g of 0.1 mol/l hycrochloric acid, and the mixture was stirred for 2 hours at room tem- 
perature (L1 liquid). 

Production of solution composition for forming high refractive index film (H2 liquid): 

30 

[0064] The L1 liquid was mixed with the H1 liquid so that the amount of Si0 2 was 1 0 mol% in terms of oxide, to obtain 
a solution composition for forming a high refractive index film (H2 liquid). The H2 liquid contained silicon, titanium and 
bismuth in amounts of 10 mol%, 88.2 mo!% and 1 .8 mol% in terms of Si0 2 , Ti0 2 and Bi 2 0 3 , respectively. 

35 Production of solution composition for forming high refractive index film (H3 liquid): 

[0065] The L1 liquid was mixed with the H1 liquid so that the amount of Si0 2 was 30 mol% in terms of oxide, to obtain 
a solution composition for forming a high refractive index film (H3 liquid). The H3 liquid contained silicon, titanium and 
bismuth in amounts of 30 mol%. 68.6 mol% and 1 .4 mol% in terms of Si0 2 . Ti0 2 and Bi 2 0 3 , respectively. 

40 

Production of solution composition for forming middle refractive index film (M 1 liquid) : 

[0066] The L1 liquid was mixed with the H1 liquid so that the amount of Si0 2 was 50 mpl% in terms of oxide, to obtain 
a solution composition for forming a middle refractive index film (M1 liquid). The M1 liquid contained silicon, titanium 
45 and bismuth in amounts of 50 mol%, 49 mol% and 1 mol% in terms of Si0 2 . Ti0 2 and Bi 2 0 3 , respectively. 

Production of solution composition for forming middle refractive index film (M2 liquid): 

[0067] The L1 liquid was mixed with the H1 liquid so that the amount of Si0 2 was 70 mol% in terms of oxide, to obtain 
so a solution composition for forming a middle refractive index film (M2 liquid). The M2 liquid contained silicon, titanium 
and bismuth in amounts of 70 mol%, 29.4 mol% and 0.6 mol% in terms of SiO z , Ti0 2 and Bi 2 0 3 , respectively. 

Production of solution composition for forming low refractive index film (L2 liquid): 

55 [0068] The L1 liquid was mixed with the H1 liquid so that the amount of Si0 2 was 90 mol% in terms of oxide, to obtain 
a solution composition for forming a low refractive index film (L2 liquid). The L2 liquid contained silicon, titanium and bis- 
muth in amounts of 90 mol%, 9.8 mol% and 0.2 mol% in terms of Si0 2 . Ti0 2 and Bi 2 0 3> respectively. 
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Production of solution composition for forming high refractive index film (H4 liquid): 

[0069] Chloroauric acid was dissolved in an amount of 1% in terms of % by weight into the H1 liquid, to obtain a solu- 
tion composition for forming a low refractive index film containing a coloring component (H4 liquid). 

Production of solution composition for forming low refractive index film (L3 liquid): 

[0070] Chloroauric acid was dissolved in an amount of 1% in terms of % by weight into the L2 liquid, to obtain a solu- 
tion composition for forming a low refractive index film containing a coloring component (L3 liquid). 

Production of solution composition for forming middle refractive index film (M3 liquid): 

[0071 ] Chloroauric acid was dissolved in an amount of 1 % in terms of % by weight into the M2 liquid, to obtain a solu- 
tion composition for forming a low refractive index film containing a coloring component (M3 liquid). 

[Embodiments 1 through 23. Comparative Examples 1 through 6] 

[0072] A colorless transparent soda lime glass plate (thickness: 1.1 mm. visible light transmission: 91 .2 %, visible light 
reflectivity (only surface of incident light side. Incident angle: 12° ): 4.03%, visible light reflectivity (both surfaces, Inci- 
dent angle: 1 2° ): 8.05%. When expressed by the Lab color expression system, transmitted light chromaticity: a « -0.39. 
b = 0.2, transmitted light brightness ((a 2 + b 2 ) 172 ) = 0.44. reflected light chromaticity only by incident light side surface: 
a = 0.08, b = -0.31 . reflected light brightness ((a 2 + b 2 ) 172 ) = 0.32. reflected light chromaticity (both surfaces) : a = 0.02. 
b = -0.40. reflected light brightness ((a 2 + b 2 ) 172 ) = 0.40) was washed with an aqueous alkaline solution for 20 minutes! 
then with ultra pure water for 20 minutes, respectively with being irradiated with an ultrasonic wave, to obtain a sub- 
strate. 

[0073] The above-described M1 liquid was coated on one surface of this substrate by a glavure coating method, and 
irradiated with ultraviolet rays for 30 seconds by using a 160 W/cm high pressure mercury lamp from a distance of 10 
cm at an irradiation strength of 15 mW/cm 2 , to form a first layer film. Then, the above-described H1 liquid was coated 
on said first layer film, and ultraviolet ray irradiation was conducted using the same high pressure mercury lamp at the 
same distance, irradiation strength and irradiation time, respectively, to obtain a second lay©-. Then, the above- 
described L2 liquid was coated on said second layer, and uftraviolet ray irradiation was conducted using the same high 
pressure mercury lamp under the same conditions, to obtain a third layer. This was heated for 30 seconds in an electric 
oven heated at 720°C. to obtain a low reflection glass plate in which the first layer film, the second layer film and the 
third layer film are laminated in this order on the surface of the substrate. By changing roll rotations in the gravure coat- 
ing method for the first layer, the second layer and the third layer, to obtain various low reflection glass plates having 
different optical film thickness 

(Embodiments 1 through 6, Comparative Examples 1 through 6). 

[0074] Further, the same procedures were conducted Ukewise in Embodiments 1 through 6 except that the H2 liquid 
was used instead of the H1 liquid in the second layer liquid (Embodiments 7 through 12). Further, the same procedure 
was conducted likewise in Embodiment 1 except that the H3 liquid was used instead of the H1 liquid in the second layer 
liquid (Embodiment 13). 

[0075] The same procedures were conducted likewise in Embodiments 1 through 6 except that the M2 liquid and the 
H3 liquid were used, respectively instead of the M1 liquid in the first layer liquid and the H1 liquid in the second layer 
liquid (Embodiments 14 through 16). Further, the same procedures were conducted likewise in Embodiments 14 
through 1 6 except that the L1 liquid was used as the third layer liquid (Embodiments 1 7 through 23). 
[0076] Regarding the optical properties of the resulted low reflection glass plate, the visible light reflectivity Rvis and 
the visible light transmission Tvis were measured according to JIS Z 8722, and the visible light reflectivity was meas- 
ured as a reflectivity at a 12° incident angle. Here, the visible light reflectivity only by film surface (one side) of light inci- 
dented from the film surface side was expressed by R(S)vis. and the visible light reflectivity on both surfaces including 
the reflection on the film surface and the reflection on the rear surface of light incidented from the film surface side was 
expressed by R(D)vis. For each of the first to third layers, the ref ractivity (n) was measured by ellipsometry as a refrac- 
tivity value for light having a wave length of 550 nm. the film composition is shown in Table 2, the refractivity (n). the 
refractivity dispersion index (v) defined by formula 6. the film thickness (d) and the optical film thickness (nd) are shown 
in Tables 3 and 4. The visible light reflectivity R(S)vis for only film surface, chromaticity a and b and reflected light bright- 
ness ((a + b 2 ) 1/2 ) of light incidented from the film surface side when expressed by the Lab color expression system are 
shown in Tables 5 and 6. the visible light reflectivity R(D)vis for both surfaces including also the rear surface, chroma- 
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ticity a and b and reflected light brightness ((a 2 + b 2 ) 1/2 ) of light incidented from the film surface side on both surfaces 
including also the rear surface are shown in Tables 7 and 8, and the visible light transmission Tvis when light incidents 
from the film surface side, chromatictty a and b and transmitted light brightness ((a 2 + b 2 ) 1/2 ) are shown in Tables 9 and 
10. respectively. The visible light reflectivity and reflected light chromaticity for only the film surface (one side) were 
measured so that light reflection on the rear surface did not occur by making the rear surface (non-film surface) of the 
glass plate a rough surface and by coating and curing with a black paint. 

[00771 The spectroscopic properties of the reflected light on the film surface when the light incidented from the film 
surface regarding the low reflection glass plate of Embodiment 1 are shown in Fig. 2. From the figure, it is known that 
the reflectivity of the lights having a wave length of 480 nm and 590 nm are both 0.01% or less, and the reflectivity of 
the light having a wave length of 550 nm is 0.13%. 

[0078] As shown in Embodiments 1 through 23, the visible light reflectivity R(S)vis on the film surface of the low reflec- 
tion glass plate when light incidented from the film surface side is 0.12 to 0.48%, namely not more than 0.5%, is very 
small as compared with 4.03% which is the visible light reflectivity (only by the surface of incident light) of the untreated 
glass substrate, therefore, it is known that the effect for preventing visible light reflection is high, in contrast, in Compar- 
ative Examples 1 through 6 of which film thickness of said each layer is out of range, the visible light reflectivity R(S)vis 
on the film surface side is 1 .04 to 1 .91%, and smaller as compared with the visible light reflectivity (only by the surfac 
of incident light) of the untreated glass substrate, however, significantly larger than that of the Embodiments. 
[0079] Also, regarding the visible light reflectivity R(D)vis on both surfaces including the rear surface, the values ar 
4.09 to 4.47% in Embodiments 1 through 2, and smaller than 8.05% on the untreated glass substrate. The brightness 
of the reflective light on both surfaces including the rear surface in Embodiments 1 through 24 is in a range from 0.26 
to 3.82, namely not more than 5.0, the change from 0.40 which is the value obtained on the untreated plate is very 
small, and reflected color near neutral gray is exhibited. Further, the visible light transmission Tvis in Embodiments 1 
through 23 is from 92.3 to 93.8%, exhibiting higher value than 91 .2% which is the visible light transmission Tvis of the 
untreated plate. 

[Embodiment 24] 

[0080] The same procedure was conducted likewise in Embodiment 1 except that the M1 liquid, the H1 liquid and the 
L2 liquid were substituted, respectively, by the M3 liquid, the H4 liquid, and the L3 liquid. The resulted low reflection 
glass exhbited pale gray transmitted color tone, and the R(S)vis value was 0.1 1% and the Tvis value was 90.2%. 



[Table 2] 



Embodiment/Comparative 
Examples 


Layer 


Liquid used 


Rim composition of each layer 
(mol%) 








Si0 2 


Ti0 2 


Bi 2 0 3 


Embodiments 1-6 


First layer 


M1 liquid 


50 


49 


1 


Comparative Examples 1-6 


Second layer 


H1 liquid 


0 


96 


4 




Third layer 


L2 liquid 


90 


9.8 


0.2 


Embodiments 7-12 


First layer 


M1 liquid 


50 


49 


1 




Second layer 


H2 liquid 


10 


88.2 


1.8 




Third layer 


12 liquid 


90 


9.8 


0.2 


Embodiment 13 


First layer 


M1 liquid 


50 


49 


1 




Second layer 


H3 liquid 


30 


68.6 


1.4 




Third layer 


L2 liquid 


90 


9.8 


0.2 


Embodiments 14-16 


First layer 


M2 liquid 


70 


29.4 


0.6 




Second layer 


H3 liquid 


30 


68.6 


1.4 




Third layer 


L2 liquid 


90 


9.8 


0.2 
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[Table 2] (continued) 



Embodiment/Cornparative 
r-> Examples 


Layer 


Liquid used 


Film composition of each layer 
(mol%) 








Si0 2 


Ti0 2 


B12O3 


Embodiments 17-23 


First layer 


M2 liquid 


70 


29.4 


0.6 




Second layer 


H3 liquid 


30 


68.6 


1.4 




Third layer 


LI liquid 


100 


0 


0 



(Table 3] 

o First layer Snonna layer TOilrd layer 



20 


i 


n 


V 




nd 
fnnl 


n 


v 


I 


nd 


n 


y 


S| 

■rl / riMTi \ 


nd 
(nmj 




1 


\ OA 

X.B9 


14.15 


51 


96 


2-37 


5.19 


84 


199 


1.49 


>100 


63 


124 


25 




l HQ 


1A 1C 

14* id 


41 


77 


2.37 


5.19 


84 


199 


1.49 


MOO 


63 


124 


«* 
*J 


1 • 07 


14.13 


ox 


lie 
XlO 


2.37 


S.19 


84 


199 


1.49 


MOO 


83 


124 






X . 07 




31 




2.37 


3.19 


74 


175 


1.49 


MOO 


63 


124 








1 A 1C 

14. lO 


51 


96 


2.37 


5.19 


94 


223 


1.49 


MOO 


83 


124 


30 


6 


1.89 


14.15 


51 


96 


2.37 


5.19 


84 


199 


1.49 


MOO 


93 


139 


7 


1.89 


14.15 


52 


98 


2.33 


5.62 


82 


190 


1.49 


MOO 


84 


125 




8 


1.89 


14.15 


42 


79 


2.33 


5.82 


84 


196 


1.49 


MOO 


83 


124 




9 


1.89 


14.15 


62 


117 


2.33 


5.82 


84 


196 


1.49 


MOO 


83 


124 


35 


10 


1.89 


14.15 


52 


98 


2.33 


5.82 


72 


167 


1.49 


MOO 


84 


125 


11 


1.89 


14.15 


52 


98 


2.33 


5.82 


92 


214 


1.49 


MOO 


83 


124 




12 


1.89 


14.15 


52 


98 


2.33 


5.82 


62 


190 


1.49 


MOO 


94 


140 




13 


1.89 


14. IS 


51 


96 


2.06 


9.36 


84 


173 


1.49 


MOO 


83 


124 




14 


1.71 


>100 


71 


122 


2.06 


9.36 


67 


139 


1.49 


MOO 


88 


131 


40 


15 


1.71 


>ioo 


61 


104 


2.06 


9.36 


94 


193 


1.49 


MOO 


80 


119 




16 


1.71 


>ioo 


57 


98 


2.06 


9.36 


62 


127 


1.49 


MOO 


83 


123 




17 


1-71 


>100 


60 


102 


2.06 


9.36 


94 


193 


1.46 


MOO 


83 


121 




18 


1.71 


>100 


49 


83 


2.06 


9.36 


94 


193 


1.46 


MOO 


83 


121 


45 


19 


1.71 


>100 


40 


68 


2.06 


9.36 


94 


193 


1.46 


MOO 


63 


121 




20 


1.71 


>100 


70 


119 


2.06 


9.36 


94 


193 


1.46 


MOO 


83 


121 




21 


1.71 


MOO 


80 


136 


2.06 


9.36 


94 


193 


1.46 


MOO 


83 


121 




22 


1.71 


>100 


60 


102 


2.06 


9.36 


74 


152 


1.46 


MOO 


83 


121 


50 


23 


1.71 


>100 


49 


84 


2.06 


9.36 


87 


179 


1.46 


MOO 


86 


125 
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[Table 4] 



First layer 




Second layer 




third layer 



d(rra) 



(nm) 



Canparatlve 
No. 



1 


1.69 


14.15 


31 


56 


2.37 


5.19 


199 


84 


1.49 


MOO 


83 


124 


2 


1.89 


14.15 


80 


152 


2.37 


5.19 


199 


84 


1.49 


>100 


63 


124 


3 


1.89 


14.15 


51 


96 


2.37 


5.19 


128 


54 


1.49 


>10O 


83 


124 


4 


1.89 


14.15 


51 


96 


2.37 


5.19 


246 


104 


1.49 


>10O 


83 


124 


5 


1.89 


14.15 


51 


96 


2.37 


5.19 


199 


84 


1.49 


>100 


64 


95 


6 


1.89 


14.15 


51 


96 


2.37 


5.19 


246 


104 


1.49 


>ioo 


103 


154 
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[Table 5] 



£ Visible light: 

Reflectivity 
(film surface) 



Reflected light chromatlclty 
(film surface) 



10 




R(S)v±s(%) 










1 


0.14 


1.48 


-0.92 


1.74 




2 


0.43 


-0.72 


1.45 


1.62 




3 


0.24 


6.49 


8.82 


10.95 


15 


4 


0.29 


9.06 


-0.81 


9.10 




5 


0.48 


-3.56 


1.08 


3.72 




6 


0.48 


3.22 


-8.12 


8.74 




7 


0.13 


1.57 


-0.79 


1.76 


20 


8 


0.38 


0.40 


-0.66 


0.77 




9 


0.26 


5.22 


-6.81 


8.58 




10 


0.23 


8.39 


-0.92 


8.44 




11 


0.40 


-2.80 


1.36 


3.11 


25 


12 


0.48 


2.17 


-7.72 


8.02 




13 


0.14 


1.48 


-0.92 


1.74 




14 


0.27 


11.86 


-10.09 


15.57 




15 


0.35 


3.91 


-3.98 


4.29 


30 


16 


0.38 


8.75 


-10.30 


13.51 




17 


0.19 


5.74 


-6.38 


8.58 




18 


0.24 


3.86 


-6.48 


9.32 




19 


0.38 


3.82 


-10.79 


11.45 


35 


20 


0.23 


6.41 


-5.78 


10.20 




21 


0.37 


10.38 


-6.83 


12.43 




22 


0.45 


10.24 


-1.50 


10.35 




23 


0.12 


3.62 


-3.25 


5.02 



40 



[Table 6] 





Visible light Reflectivity 
(film surface) 


Reflected light chromatidty (film 
surface) 




R(S)vis(%) 


a 


b 


(a 2 +b 2 ) 1/2 


Comparative Example 
No. 










1 


1.04 


0.47 


-0.71 


0.85 


2 


1.44 


8.36 


-12.10 


14.71 


3 


1.76 


9.52 


2.56 


9.86 


4 


1.19 


-2.99 


2.42 


3.85 



16. 
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[Table 6] (continued) 





Visible light Reflectivity 
(film surface) 


Reflected light chromatidty (f am 
surface) 




R(S)vis(%) 


a 


b 


(a 2 4b 2 ) 1 * 


Comparative Example 
No. 










5 


1.91 


1.71 


-0.85 


1.91 


6 


1.59 


3.91 


-10.40 


11.11 



15 



Table 7 



20 



Visible light 

Reflectivity 
(both surfaces) 



Reflected light chromaticlty 
(both surfaces) 



25 




K(L)JVxS(* J 


a 


D 






1 


4.12 


O.IB 


-0.57 


0.60 




2 


4.39 


-0.26 


-0.005 


0.26 




3 


4.21 


1.37 


-2.33 


2.70 


30 


4 


4.26 


2.12 


-0.59 


2.20 




5 


4.43 


-1.16 


-0.07 


1.16 




6 


4.42 


0.90 


-2.84 


2.98 




7 


4.09 


0.24 


-0.62 


0.66 


35 


8 


4.33 


0.10 


-0.68 


0.69 




9 


4.21 


1.18 


-2.02 


2.34 




10 


4.19 


1.80 


-0.67 


1.92 




11 


4.40 


0.64 


-2-80 


2.87 


40 


12 


4.12 


0.18 


-0.57 


0.60 




13 


4.12 


0.18 


-0.57 


0.60 




14 


4.21 


2.71 


-2.53 


3.71 




15 


4.21 


-1.31 


-2.53 


2.85 


45 


16 


4.33 


2.37 


-3.00 


3.82 




17 


4.21 


1.06 


-1.55 


1.88 




IB 


4.27 


0.80 


-2.18 


2.32 




19 


4.41 


0.99 


-3.26 


3.41 


50 


20 


4.25 


1.76 


-1.55 


2.35 




21 


4.37 


2.74 


-2.12 


3.46 




22 


4.47 


2.95 


-0.72 


3.04 




23 


4.19 


0.54 


-0.98 


1.12 
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[Table 8] 





Visible light Reflectivity 
(both surfaces) 


Reflected light chromaticity (both 
surfaces) 




R(D)vis(%) 


d 


w 


{a +o ) 


Comparative Example 
No. 










1 


4.96 


0.15 


-0.70 


0.72 


2 


5.30 


3.98 


-6.14 


7.32 


3 


5.63 


4.9 


1.02 


5.01 


4 


5.09 


-1.41 


0.72 


1.58 


5 


5.78 


0.86 


-0.81 


1.18 


6 


5.44 


1.89 


-5.51 


5.83 
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[Table 9] 

5 



15 



20 



25 



30 



35 



40 





Visible light 
Tirn_nsm±ss Ion 


Transmitted 


light cnrooaticlty 


i 


Tv±s(%) 


a 


b 




1 


93.0 


-0.49 


-0.09 


0.50 


2 


92.8 


-0.32 


-0.32 


0.45 


3 


92.9 


-0.77 


0.41 


0.87 


4 


92.9 


-0.60 


-0.04 


0.80 


S 


92.7 


-0.29 


-0.17 


0.34 


6 


92.5 


-0.69 


0.49 


0.85 


7 


92.6 


-0.35 


-0.29 


0.45 


8 


92.6 


-0.25 


-0.37 


0.45 


9 


92.6 


-0.59 


0.13 


0.60 


10 


92.7 


-0.61 


-0.23 


0.65 


11 


92.3 


-0.48 


0.25 


0.54 


12 


93.0 


-0.49 


-0.09 


0.50 


13 


93.0 


-0.49 


-0.09 


0.50 


14 


92.5 


-0.92 


0.95 


1.32 


15 


92.5 


-0.92 


0.95 


1.32 


16 


92.5 


-0.77 


1.01 


1.27 


17 


93.5 


-0.58 


0.36 


0.68 


16 


93.6 


-0.49 


0.43 


0.65 


19 


93.5 


-0.50 


0.62 


0.80 


20 


93.4 


-0.75 


0.43 


0.86 


21 


93.1 


-0.99 


0.62 


1.17 


22 


93.5 


-0.99 


0.31 


1.04 


23 


93.8 


-O.S4 


-0.13 


0.56 



45 



[Table 10] 



50 



55 





Visible light Transmission 


Transmitted light chromatidty 




Tvis(%) 


a 


b 


(a 2 4b 2 ) 1/2 


Comparative Example 
No. 










1 


92.3 


-0.34 


-0.22 


0.40 


2 


91.6 


-1.35 


1.50 


2.02 


3 


91.7 


-1.45 


-0.21 


1.47 
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[Table 10] (continued) 





X/i^ihlo linht Trancmiccirtn 


Transmitted light chromaticity 




Tvis(%) 


a 


b 


(a 2 +b 2 ) 1/2 


Comparative Example 
No. 










4 


92.1 


-0.28 


-0.30 


0.41 


5 


91.8 


-0.56 


-0.13 


0.57 


6 


91.3 


-0.97 


1.26 


1.59 



[Embodiments 25 through 40. Comparative Examples 7 through 12] 
Preparation of stock liquid 

[0081] To 1 mol of titanium isopropoxide while stirring in a flask was added 2 mol of acetylacetone dropwise through 
a dropping funnel. This solution was referred to as titanium oxide stock liquid. This contained Ti0 2 in an amount of 16.5 
mol%. 

[0082] To 50 g of ethyl silicate ("ETHYL SILICATE 40" manufactured by COLCOAT Ltd.) was added 6 g of 0. 1 N hydro- 
chl ric acid and 44 g of ethyl cellosolve. and the mixture was stirred for 2 hours at room temperature. This solution was 
referred to as silicon oxide stock liquid. This contained Si0 2 in an amount of 20 mol%. 

Production of liquid composition for film forming 

[0083] A liquid composition for forming a middle refractive index film was prepared as described below according to 
the composition ratio shown in Table 1 1 . as coating liquid for the first layer from the glass substrate. The titanium oxide 
stock liquid, solvent (ethylcellosotve). silicon oxide stock liquid and gold (Au) raw material (chloroauric acid tetrahydrate) 
were mixed in given amounts in this order, the resulted mixture was stirred for 2 hours at room temperature to obtain 
liquid composition coating liquid for forming the middle refractive index film (first layer) (M5 through M20). Likewise, liq- 
uid composition coating liquid for forming the high refractive index film (second layer) (H5 through H20) were obtained 
according to the composition ratio shown in Table 12. Likewise, liquid composition coating liquid for forming the high 
refractive index film (third layer) (L5 through L20) were obtained according to the composition ratio shown in Table 13. 
[0084] The coating liquid M5 prepared above was coated on one surface of a non-colored transparent glass substrate 
(refractive index = 1 .52) of soda lime silicate composition of a thickness of 1 .1 mm x 10 cm x 10 cm by spin coating at 
a rotation of 3000 rpm for 15 seconds. After air drying, thermal treatment was conducted for 2 minutes at 550°C for 
coating of the middle refractive index film, then, the coating liquid H5 prepared above was coated on the middle refrac- 
tive index film by spin coating at a rotation of 2000 rpm for 15 seconds, after air drying, thermal treatment was con- 
ducted for 2 minutes at 550°C to obtain a glass plate coated with a first layer, middle refractive index film having a 
composition, refractive index, film thickness and optical film thickness shown in Table 14, respectively, a second layer, 
high refractive index film having a composition, refractive index, film thickness and optical film thickness shown in Table 
15, respectively, and a colored low refractive index film having a composition, refractive index, film thickness and optical 
film thickness shown in Table 16, respectively, (Embodiment 25). Regarding the visible light refractivrty Rvis of this glass 
plate, D source light was allowed to be incident at an angle of 1 2° from the film surface side coated with the colored film, 
and the refractivrty of only the film surface side (Rvis film surface) shielded against the reflected light from the rear sur- 
fac (non film surface), and the refractivrty including reflection from the rear surface and the film surface side (Rvis both 
surfaces) were measured. The visible light transmission Tvis (D source light) was measured according to JIS R 3106, 
the chromaticity of the transmitted Oght was measured according to JIS Z 8729. 

[0085] Regarding measuring results, the visible light transmission (Tvis). the chromaticity JS of the transmitted light, 
and the visible light reflectivity (Rvis film surface and Rvis both surfaces) are as shown in Table 1 7. The resulting colored 
film exhibited excellent results regarding chemical resistance and abrasion resistance. When the above-described 
reflection preventing colored film was coated on both surfaces of the above-described glass substrate, the refractivrty 
index (Rvis both surfaces) including reflection from the front surface side and the rear surface side was lower than 3.0% 
which is the refractivrty index (Rvis both surfaces) when the reflection preventing colored film was coated only on one 
surface of the glass substrate, and was 1 .2%. 

[0086] In the same manner, reflection preventing colored film coated glass articles coated with a middle refractive 
index film, high refractive index film and low refractive index film, respectively, having compositions, refractive indices 
and film thickness as shown in Tables 14 through 16 were Obtained using the coating liquid shown in Tables 1 1 through 
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13 (M6 to M20, H6 to H20, and L6 to L20) (Embodiments 26 to 40). The resulting measurements of the optical proper- 
ties are summarized in Table 1 7. 

[0087] As shown in Embodiments 25 through 30 and Embodiments 34 through 36, reflection preventing film-coated 
glass articles were obtained which absorbed red and the transmitted color was blue-green. Namely, when expressed in 

s the Lab color expression system, the transmitted light chromaticrty exhibited (a) = -8.4 to -1 . 1 and (b) = -7.8 to -1 .2, and 
the refractive index of only the film surface side (Rvis fOm surface) was 0.5% or less. As shown in Embodiments 31 
through 33, reflection preventing film-coated glass articles were obtained which absorbed yellow and the transmitted 
color was blue-violet. Namely, when expressed in the Lab color expression system, the transmitted light chromaticrty 
exhibited (a) = 0.3 to 0.8 and (b) = -10.5 to -3.5, and the refractive index of only the film surface side (Rvis film surface) 

w was 0.5% or less. Further, as shown in Embodiments 37 through 40, reflection preventing film -coated glass articles 
were obtained which absorbed green and the transmitted color was red violet. Namely, when expressed in the Lab color 
expression system, the transmitted light chromaticrty exhibited (a) = 2.5 to 9.8 and (b) = -5.3 to -0.8, and the visible light 
refractivity of only the film surface side (Rvis film surface) was 0.5% or less. All reflection preventing film-coated glass 
articles in Embodiments 25 through 40 exhibited a visible light transmission (Tvis) of 60% or more. 

is [0088] Reflection preventing colored film-coated glass articles were obtained in the same manner as in Embodiment 
29 except that the film thickness of the high refractive index film, middle refractive index film or low refractive index film 
were changed as shown in Table 19 by controlling the rotation speed in spin coating which is the coating condition of 
the coating liquid for forming the high refractive index film, the coating liquid for forming the middle refractive index film, 
or the coating liquid for forming the low refractive index film, using the coating liquid shown in Table 18 (Embodiments 

20 7 through 1 2). The resulting measurements of the optical properties are as shown in Table 20. In the examples, the vis- 
ible light reflectivity (Rvis film surface) of only the film surface side was from 3.0 to 4.2%, and lower than that (0.1 to 
0.3%) of the Rvis film surface in the embodiments, therefore, the visible light reflection preventing ability of the compar- 
ative examples was apparently inferior to that of the embodiments. 



25 

[Table 11] 







Composition of the first layer coating liquid 


30 


Embodiment No. 


Coating liquid No. 


Titanium oxide 
stock liquid (g) 


Silicon oxide stock 
liquid (g) 


Au raw material(g) 


Solvent (g) 




25 


M5 


15.5 




6.5 




2.0 


76.1 




26 


M6 


17.3 




7.0 




1.3 


73.1 




27 


M7 


18.5 




7.8 




0.7 


73.1 


35 


28 


M8 


13.0 




8.3 




2.1 


76.7 




29 


M9 


14.6 




9.3 




1.3 


74.9 




30 


M10 


15.8 




10.0 




0.7 


73.6 


40 


31 


M11 






12.8 




2.0 


77.4 




32 


M12 


8.5 




14.3 




1.3 


76.0 




33 


M13 


9.4 




15.3 




0.7 


74.7 




34-40 


M14-M20 


10.0 




16.8 




0 


73.2 


45 


41 


M21 


11.0 




18.4 




0 


70.6 


50 


Pable 12] 






Composition of the second layer coating liquid 


55 


Embodiment No. 


Coating liquid No. 


Titanium oxide 
stock liquid (g) 


Silicon oxide stock 
liquid (g) 


Au raw material 
(9) 


Solvent (g) 




25-33 


H5-H13 


30.3 




0 




0 


69.7 




34 


H14 


23.3 




0 




2.0 


74.7 
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[Table 12] (continued) 





Composition of the second layer coating liquid 


Embodiment No. 


Coating liquid No. 


Titanium oxide 
stock liquid (g) 


Silicon oxide stock 
liquid (g) 


Au raw material 

(g) 


Solvent (g) 


35 


H15 


25.8 


0 


1.3 


73.0 


36 


H16 


27.9 


0 


0.7 


71.4 


37-40 


H17-H20 


30.3 


0 


0 


69.7 


41 


H21 


42.4 


0 


0 


57.6 



UaWe 13] 





Composrton of the third layer coating liquid 


Embodiment No. 


Coating liquid No. 


Silicon oxide stock liquid 
(9) 


Au raw material (g) 


Solvent (g) 


25-36 


L5-L16 


25.0 


0 


75.0 


37 


LI 7 


19.3 


2.0 


77.5 


38 


L18 


21.3 


1.3 


76.3 


39 


L19 


23.0 


0.7 


76.3 


40 


L20 


24.0 


0.3 


75.7 


41 


L21 


28.8 


0.4 


70.8 



[Table 14] 



Embodiment No. 


Middle refractive index film com- 
position (mor%) 


Refractive index 


Film thickness 


T^d 




T10 2 


Si0 2 


Au 


"1 


d(nm) 


(nm) 


25 


53.7 


36.4 


9.8 


1.86 


53 


99 


26 


56.8 


37.1 


6.1 


1.86 


51 


95 


27 


57.8 


39.1 


3.1 


1.86 


52 


97 


28 


44.7 


45.6 


9.7 


1.80 


53 


95 


29 


46.5 


47.6 


5.9 


1.80 


52 


94 


30 


48.0 


49.0 


3.0 


1.80 


51 


92 


31 


25.2 


65.7 


9.0 


1.76 


53 


93 


32 


25.5 


69.0 


5.5 


1.76 


52 


92 


33 


26.9 


70.3 


2.8 


1.76 


51 


90 


34 


27.0 


73.0 


0 


1.76 


50 


88 


35 


27.0 


73.0 


0 


1.76 


50 


88 


36 


27.0 


73.0 


0 


1.76 


51 


90 


37 


27.0 


73.0 


0 


1.76 


51 


90 


38 


27.0 


73.0 


0 


1.76 


50 


88 
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[Table 14] (continued) 





Embodiment No. 


Middle refractive index film com- 
position (mot%) 


Refractive index 


Film thickness 


n t d 


5 




Ti0 2 


Si0 2 


Au 


"1 


d(nm) 


(nm) 






27.0 


73.0 


0 


1.76 


50 


QQ 
oo 




40 


27.0 


73.0 


0 


1.76 


50 


88 


10 
























[Table 15] 






15 


Embodiment No. 


High refractive index f flm com- 
position (mol%) 


Refractive index 


Film thickness 


Up *d 






TiOa 


Si0 2 


Au 


no 


d(nm) 


(nm) 




25 


100 


0 


0 


2.20 


85 


187 




26 
27 


100 
100 


0 
0 


0 
0 


2.20 
2.20 


84 
84 


185 
185 




28 


100 


0 


0 


2.20 


84 


185 




29 


100 


0 


0 


2.20 


85 


187 


25 


30 


100 


0 


0 


2.20 


84 


185 




31 


100 


0 


0 


2.20 


84 


185 




32 


100 


d 


0 


2.20 


^ 85 


187 


30 


33 
34 


100 

89.2 


0 
0 


0 

10.8 


2.20 
2.20 


84 
86 


185 
189 




35 


93.3 


0 


6.7 


2.20 


85 


187 




36 


96.6 


0 


3.4 


2.20 


84 


185 


35 


37 


100 


0 


0 


2.20 


84 


185 




38 


100 


0 


0 


2.20 


84 


185 




39 


100 


0 


0 


2.20 


84 


185 


40 


40 


100 


0 


0 


2.20 


84 


185 



Table 16 



55 



Embodiment No. 


Low refractive index film 
composition (mol%) 


Refractive index 


Film thickness 


r^-d 




Si0 2 


Au 


na 


d(nm) 


(nm) 


25 


100 


0 


1.46 


81 


118 


26 


100 


0 


1.46 


79 


115 


27 


100 


0 


1.46 


78 


114 


28 


100 


0 


1.46 


79 


115 


29 


100 


0 


1.46 


79 


115 
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Table 16 (continued) 



FmfwHimont Kin 


Low refractive index film 
composition (mol%) 


Refractive index 


Film thickness 


r»3 *d 




Si0 2 


Au 


n 3 


d(nm) 


(nm) 


30 


100 


0 


1.46 


80 


117 


31 


100 


0 


1.46 


80 


117 


32 


100 


0 


1.46 


80 


117 


33 


100 


0 


1.46 


81 


118 


34 


100 


0 


1.46 


81 


118 


35 


100 


0 


1.46 


81 


118 


36 


100 


0 


1.46 


82 


120 


37 


91.6 


8.4 


1.46 


83 


121 


38 


94.9 


5.1 


1.46 


82 


120 


39 


97.4 


2.6 


1.46 


83 


121 


40 


98.7 


1.3 


1.46 


82 


120 



[Table 17] 



Embodiment No. 


WIS 


Transmitted light chromaticity 


RVIS (%) 




(%) 


a 


b 


Film surface 


Both surfaces 


25 


66.2 


-8.4 


-7.8 


0.2 


3.0 


26 


74.1 


-5.6 


-5.2 


0.2 


3.6 


27 


82.0 


-2.8 


-2.6 


0.3 


4.0 


28 


73.4 


-3.1 


-6.5 


0.2 


3.2 


29 


82.3 


-2.1 


-4.3 


0.2 


3.5 


30 


91.1 


-1.1 


-2.1 


0.3 


3.7 


31 


64.8 


0.8 


-10.5 


0.1 


3.2 


32 


73.2 


0.5 


-7.0 


0.2 


3.5 


33 


81.6 


0.3 


-3.5 


0.3 


4.1 


34 


71.0 


-6.9 


-3.4 


0.1 


3.3 


35 


81.0 


-4.6 


-2.3 


0.2 


3.5 


36 


91.0 


-2.3 


-1.2 


0.3 


3.7 


37 


76.8 


9.8 


-5.3 


0.2 


3.2 


38 


81.2 


6.5 


-3.5 


0.2 


3.8 


39 


85.6 


3.3 


-1.8 


0.2 


4.1 


40 


85.6 


2.5 


-0.8 


0.3 


4.1 
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[Table 18] 





Layer 


Liquid used 


Film compositon of each layer 
(mol%) 










S1O2 


AU 




First layer 


M9 


26.9 


70.3 


2.8 


7-12 


Second layer 


H9 


100 


0 


0 




Third layer 


L9 


0 


100 


0 



(Table 19] 







First layer 








0 


Third layer 






• 


















5« 


Film 




Film 






Film 


iVd 


II 


11 


thltnknass 




« 


thickness 




ni 


d(om) 


(«) 


Uj d(cin) 


(on) 


PS 


d(nro) 


(an) 


7 


1*76 


30 


53 


2.20 85 


187 


1.46 


80 


117 


8 


1.76 


75 


132 


2.20 84 


185 


1.46 


81 


118 


9 


1.76 


50 


88 


2.20 60 


132 


1.46 


80 


117 


10 


1.76 


50 


88 


2.20 110 


242 


1.46 


82 


120 


11 


1.76 


50 


88 


2.20 80 


176 


1.46 


60 


88 


12 


1.76 


50 


88 


2.20 81 


178 


1.46 


120 


175 



(Table 20] 





TVIS 


Transmitted light chromatidty 


RVIS (%) 




(%) 


a 


b 


Film thickness 


Both sides 


7 


78.0 


-0.9 


-3.4 


3.0 


6.3 


8 


75.2 


-0.7 


-3.3 


4.0 


7.1 


9 


76.9 


-0.3 


-3.9 


3.2 


6.6 


10 


74.0 


-0.2 


-3.1 


4.2 


7.6 


11 


76.9 


-0.3 


-3.9 


3.2 


6.6 


12 


74.0 


-0.2 


-3.1 


4.2 


7.6 



[Embodiment 41] 

[0089] One surface of a non-colored float glass plate having high strain point (strain point: 575°C) of a thickness of 
3.2 mm x 59 cm x 89 cm of which the surface had been abraded with a cerium oxide abrading material and washed 
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was coated with coating liquid M21 having a composition shown in Table 1 1 by the f lexo coating method, and irradiated 
by ultraviolet rays for 30 seconds at an irradiation strength of 15 mW/cm 2 from a distance of 10 cm using a high pres- 
sure mercury lamp of 160 W/cm, to form a first layer film. Then, the first layer film was coated with coating liquid H21 
having a composition shown in Table 12. and irradiated by ultraviolet rays for 30 seconds at an irradiation strength of 15 
mW/cm 2 from a distance of 10 cm using a high pressure mercury lamp of 1 60 W/cm. to form a second layer film. Then, 
the second layer film was coated with coating liquid L21 having a composition shown in Table 13. and heated at a glass 
temperature of 250 °C in a conveyer transporting type infrared ray heating furnace (internal temperature: 300°C). to 
form on the surface of the glass plate a reflection preventing film composed of the middle refractive index film in the first 
layer, the high refractive index fPm in the second layer and, the colored low refractive index film in the third layer. 
[0090] On parts (width: about 10 mm) on the opposite side surface (second surface) to the surface (first surface) on 
which the refractive preventing film was formed of this glass plate, black ink was printed as a light shielding layer by silk 
screen printing, then, an electroconductive silver paste was printed as an earth electrode on this black printed layer, and 
calcinated at 500°C. On the whole surface of this surface (second surface), a multi-layer film composed of silver was 
formed as an electromagnetic wave shielding layer by a sputtering method. This multi-layer film composed of silver was 
formed on one surface of the non-colored float glass plate on which no reflection preventing film had been formed, then, 
the transmitted color tone (chromaticity) exhibited (a) = -2.4 and (b) = 0.7 when expressed by the Lab color expression 
system, and exhibited yellow-green. In the case wherein a glass plate carrying on the first surface thereof a reflection 
preventing film formed and carrying on the second surface thereof an electromagnetic wave shielding layer formed, 
respectively was plated so that the electromagnetic wave shielding layer was in close contact with PDP, a plastic film 
(Anti-glare film) on which slight dents and projections had been formed was pasted as a fracture scattering preventing 
film in the case of breakage of glass on the electromagnetic wave shielding layer of the glass plate so that Newton ring, 
an interference fringe is not formed, to obtain an optical filter for PDP. The transmitted color tone of the resulted optical 
filter exhibited a = 0.2 and b = 0.3, and exhibited neutral gray. 

[Embodiment 42] 

[0091] A commercially available reflection preventing film (obtained by laminating a plurality of films composed of 
materials having different refractive indices, and by conducting vapor deposition) also works as a fracture scattering 
preventing film was pasted instead of the plastic film on which slight dents and projections had been formed on the elec- 
tromagnetic wave shielding layer of the glass plate in Embodiment 41 , to obtain an optical filter for PDP. The optical 
properties were approximately the same as those of Embodiment 41 . 

Industrial applicability 

[0092] As described in the detailed description of the invention, according to the present invention, a low reflection 
glass article having a visible light reflectivity on film surface of 0.5% or less is obtained. Further, according to the present 
invention, there are provided a glass article coated with a reflection preventing colored film which has excellent ability 
for preventing reflection of visible light, in addition, can freely control the tone of transmitted light, and has high visible 
light transmission, and an optical filter for PDP using the same. 

Claims 

1. A low reflection glass article which is prepared by laminating a first layer which has a middle refractive index (n t ) 
from 1 .60 to 1 .95 and has a film thickness of (60 to 130 nm)^ . a second layer which has a high refractive index 
(rjfe)jflditch4§j^ from 1 .9 1 to 2.6Q and higher than the refracBv^Tndex-of ^Od f irst layer by at l e astO^tTarKi 
has a film thickness of (140 to 230 nm)/ri2, and a third layer which has a low refractive index (n 3 ) which is in a range 
from 1 .35 to 1 .59 and lower than the refractive index of said first layer by at least 020 and has a film thickness of 
(110 to 150 nm)/n 3 in this order on a transparent glass substrate having a refractive index from 1.47 to 1.53, 
wherein said sec ond layer contains at least one metal oxide selected from a group consisting of titanium oxide, 
cerium oxidertjtsrrtutn oxide, zirconium oxide, niobium oxid e and tantalum oxide in an amount of 70 mol% or more 
in total, said third layer contains a silicon oxicjeTin an amount from 50 to 100 moI% and said metal oxides in an 
amount from 0 to 10 mol% in total, and said first layer contains a silicon oxide in an amount from 15 to 80 mol% 
and said metal oxides in an amount from 20 to 70 mol% in total. 

2. The low reflection glass article according to Claim 1 . wherein said first layer has a refractive index dispersion index 
of 1 3 to 30, said second layer has a refractive index dispersion index of 2 to 1 2, and said third layer has a refractive 
index dispersion index of 50 or more. 
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3. The low reflection glass article according to Claim 1 or 2, wherein said first layer, second layer and third layer have 
refractive indices n 1( n 2 and n 3 , respectively, which satisfy the following formula (2). 

0.95xn 2 xn 3 ^n 1 2 ^1.10xn 2 xn 3 (2) 

4. The low reflection glass article according to any of Claims 1 through 3, wherein said metal oxide contained in the 
third layer is identical with said metal oxide contained in the second layer, and said metal oxide contained in the first 
layer is identical with said metal oxide contained in the second layer. 

5. The low reflection glass article according to any of Claims 1 through 4. wherein at least one layer from said first to 
third layers contains a fine particle of at least one metal selected from the IB group and VIII group of the Periodic 
Table of elements, in an amount from 0.5 to 20 mol%. 

6. The low reflection glass article according to any of Claims 1 through 5, wherein said first layer contains a silicon 
oxide in an amount from 15 to 80 mol% and titanium oxide in an amount from 20 to 70 mol%, said second layer 
contains a silicon oxide in an amount from 0 to 30 mot% and titanium oxide in an amount from 70 to 100 mot%, and 
said third layer contains a silicon oxide in an amount from 85 to 100 mor%, and at least one layer from said first, 
second and third layers contains a fine gold particle in an amount from 0.5 to 20 mof%. 

7. The low reflection glass article according to any of Claims 1 through 4, wherein, when the mol ratio of Ti0 2 , Bi 2 0 3 
and SiO z in a Ti0 2 -Bi 2 0 3 -Si0 2 ternary composition is expressed by a coordinate point (TIO^ mol%, Bi 2 0 3 mol%, 
Si0 2 mol%), said first layer contains the titanium oxide, bismuth oxide and silicon oxide in a ratio within a rectangle 
MNOP made by M(30.5. 0.5, 69). N(68, 1 , 31), 0(3.5. 65.5, 31) and P(1.5. 29.5, 69), said second layer contains the 
titanium oxide, bismuth oxide and silicon oxide in a ratio within a rectangle ABCD made by A(69. 1 , 30), B(99. 1.0), 
C(5, 95, 0) and D(3, 67. 30). and said third layer contains the titanium oxide, bismuth oxide and silicon oxide in a 
ratio within a triangle YZA' made by Y(0. 0, 100), Z(29.5. 0.5. 70) and A (1.5, 28.5. 70). 

8. The low reflection glass article according to any of Claims 1 through 7, wherein, when said transparent glass sub- 
strate is a glass plate having a thickness from 0.5 to 5.0 mm. 

9. The low reflection glass article according to Claim 8, wherein said glass article has transmitted color represented 
by chromaticity of (a) from -15.0 to 20.0 and (b) from -1 5.0 to 3.0, when expressed by the Lab color expression sys- 
tem. 

10. The low reflection glass article according to Claim 9, wherein said glass article has transmitted color represented 
by chromaticity of (a) from -1 0.0 to 1 0.0 and (b) from -1 2.0 to 0.0. when expressed by the Lab color expression sys- 
tem. 

11. The low reflection glass article according to any of Claims 1 through 10. wherein, said glass article has a visible 
light reflectivity (visible light reflectivity of both surfaces including reflection of film surface and reflection of rear sur- 
face of light incidented from the coated film side at an incident angle of 12° ) of 0.5% or less. 

12. The low reflection glass article according to any of Claims 1 through 1 1 . wherein said transparent glass substrate 
is a transparent glass plate having high strain point. 

13. An optical filter for a plasma display panel obtained by providing an electromagnetic shielding layer on the opposite 
side surface to the surface coated with the reflection preventing colored film of the low reflection glass article 
described in any of Claims 8, 9, 10 and 12. 

14. The optical filter for a plasma display panel according to Claim 13, wherein said optical filter has transmitted color 
represented by chromaticity of (a) from -3.0 to 3.0 and (b) from -3.0 to 3.0, when expressed by the Lab color expres- 
sion system. 

1 5. A plasma display panel is obtained by using as a front surface glass the low reflection glass article described in any 
of Claims 8. 9. 10 and 12. 

16. A method for producing the low reflection glass article described in any of Claims 1 through 12, comprising a proc- 
ess wherein a liquid composition for forming a reflection preventing film prepared by dissolving a metal compound 
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which can be hydrolyzed and condensed in an organic solvent is coated on the surface of a transparent glass sub- 
strate, a process in which subsequently said coated surface is irradiated by ultraviolet rays, and a process in which 
said coating process and said ultraviolet ray irradiating process are repeated twice on said coated substrate sur- 
face. 

17. The method for producing a low reflection glass article according to Claim 16, wherein said metal compound is at 
least one of a compound selected from titanium alkoxides. titanium halides and chelated compounds thereof as 
titanium raw materials, a compound selected from bismuth nitrate, bismuth oxyacetate, bismuth chloride and bis- 
muth alkoxides as bismuth raw materials, a compound selected from cerium nitrate and cerium chloride as cerium 
raw materials, a compound selected from silicon alkoxides. oligomers thereof and hydrolyzed condensates thereof 
as silica raw materials, and gold compounds and gold colloid dispersions as fine gold particle raw materials. 
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